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ABSTRACT
Conventional treatment for treating primary central nervous system lymphoma (PCNSL) has con-
sisted of either whole-brain radiotherapy (WBRT) or methotrexate (MTX)-based combined modality
therapy. However, delayed cognitive sequelae have emerged as a significant debilitating complica-
tion in PCNSL patients. A prospective observational case-series study with prospective assessments
of neurocognitive functions (NCFs), neuroimaging, and activities of daily living in newly-diagnosed
PCNSL patients was undertaken. A battery of neuropsychological measures, used to evaluate NCFs,
is composed of ten standardized NCF tests, representing four domains sensitive to disease and
treatment effects (executive function, attention, verbal memory, psychomotor speed), and activities
of daily living. A total of 15 patients with newly-diagnosed PCNSL were consecutively enrolled in
this study. Comparing the NCF scores between the baseline (before WBRT) and post-treatment
(after combined chemoradiation therapy) intervals (Mean¼ 122.33days, SD¼ 34.49, range ¼
77–196), neurobehavioral outcomes consistently remained improving or stable in almost each
domain of NCF. Specifically, the scores on Paced Auditory Serial Addition Test—Revised (PASAT-R)
were significantly improved between the baseline and post-chemoradiation assessment. Under the
multidisciplinary treatment guidelines for treating patients with newly-diagnosed PCNSL, multi-
domain NCF become stabilized and even improved after the course of conformal WBRT combined
with or without MTX-based chemotherapy.

KEYWORDS
Neurocognitive functions
(NCFs); primary central
nervous system lymphoma
(PCNSL); whole-brain
radiation therapy (WBRT)

Introduction

Primary central nervous system lymphoma (PCNSL) is
uncommon in immunocompetent individuals without
acquired immune deficiency syndrome (AIDS; Fine, 1993).
PCNSL accounts for <5% of all primary central nervous sys-
tem (CNS) neoplasms. It is an aggressive form of non-
Hodgkin lymphoma (NHL) that develops in the brain, lepto-
meninges, spinal cord, or eye with no evidence of other
extracranial involvement. Nonimmunosuppressed patients
have a more favorable prognosis than those with AIDS
(Norden et al., 2011). Survival outcomes of patients with
newly diagnosed PCNSL have improved over the years with
treatment advances (Fine, 1993; Norden et al., 2011).

Before the 1990s, whole-brain radiation therapy (WBRT)
and steroids were the first-line treatment options for

generally managing patients with PCNSL. Although WBRT
might contribute to high remission rates initially, the relapse
rate was high, resulting in a 5-year overall survival of <20%
(Kasenda et al., 2016; Reni et al., 1997). To improve the dis-
mal outcomes in patients with PCNSL treated with WBRT
alone, chemotherapy has been added to WBRT (Deangelis
et al., 1992; DeAngelis et al., 2002). Methotrexate (MTX) is
the most effective agent against PCNSL. Such combined
modality therapy has improved therapeutic outcomes, but
intracranial lymphoma relapse continues to be a major chal-
lenge. Moreover, WBRT-related delayed neurological toxicity
might be a serious complication (Correa et al., 2007;
Doolittle et al., 2013). To overcome the aforementioned clin-
ical dilemmas, high-dose MTX (3.5 g/m2 or higher) was
used for treating patients with PCNSL, which resulted in
improved survival outcomes (Ferreri et al., 2009; Schaff &
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Grommes, 2018). Accordingly, WBRT would be de-escalated
or even deferred if complete remission can be achieved with
upfront high-dose MTX-based regimen (Morris et al., 2013).

In terms of managing patients with primary brain malig-
nancies including PCNSL, we are usually familiar with com-
mon therapeutic and neuro-oncological outcomes, such as
intracranial disease control, progression-free survival, and
overall survival (Norden et al., 2011). Moreover, assessment
of neurobehavioral outcomes in patients with newly diag-
nosed PCNSL has been emphasized (Correa et al., 2007,
2009, 2012). For example, Correa and colleagues (2012)
compared cognitive functions between 24 patients with
PCNSL who received WBRT combined with chemotherapy
and 26 patients with PCNSL who received chemotherapy
alone. The results showed significantly more impairment of
attention, verbal memory, and quality of life in patients with
WBRT and chemotherapy than in those with chemotherapy
only. As the changes in cognitive functions after treatment
for patients with PCNSL were still unclear, the present case-
series study used a standardized neurobehavioral test battery
to prospectively assess multidomain cognitive functions and
changes in patients with newly diagnosed PCNSL who were
treated with a course of combined chemoradiation.
Specifically, it is hypothesized that performances of patients’
NCFs will not significantly change between baseline and
post-treatment evaluation.

Methods

Participants

A total of 15 patients with newly diagnosed PCNSL were
prospectively and consecutively enrolled between February
2014 and January 2018. All the participants provided written
informed consent, and the study protocol was approved by
the institutional review board (IRB) of our institute (IRB
102-5392B).

All patients had a histopathological diagnosis of NHL
documented in their brain biopsy report. Those who had an
inconclusive biopsy or who were not candidates for biopsy
might be eligible for this study if they underwent typical cra-
nial or intracranial magnetic resonance imaging or computed
tomography (CT) and met at least one of the following two
criteria: (1) a positive cerebrospinal fluid cytology for lymph-
oma cells or monoclonal lymphocyte proliferation as defined
by cell surface markers; and (2) a biopsy of the vitreous or
uvea demonstrating the presence of NHL cells. To exclude the
possibility of secondary CNS involvement in systemic lymph-
oma and ensure that patients had truly newly diagnosed pri-
mary CNS lymphoma, patients were confirmed to have a
normal or negative pretreatment systemic evaluation includ-
ing a bone marrow aspirate and biopsy; a CT scan of the chest,
abdomen, and pelvis; and an adequate bone marrow reserve.

The exclusion criteria for this study were a history of
major psychiatric disease, prior cranial irradiation, preexist-
ing immunodeficiency status such as a renal or hepatic
transplant recipient, and other active primary cancer with
the exception of skin basal cell carcinoma and cervical car-
cinoma in situ.

Neurocognitive assessments

A standardized test battery (Table 1) was used to evaluate
different domains of neuropsychological functions, which
mainly included verbal memory, executive functions, and
information processing. Four subtests from the Wechsler
Adult Intelligence Scale—Third Edition (WAIS-III;
Wechsler, 1997), namely Similarities, Arithmetic, Block
Design, and Digit Symbol Coding, were selected to cap-
ture the patients’ multidomain intelligent functioning. The
age-corrected scaled scores of each subtest were recorded.

Subsequently, to assess verbal memory, the Taiwan Word
Sequence Learning Test (TWSLT; Hua, 1986) was adminis-
tered to measure the auditory verbal learning ability. The
TWSLT examines immediate recall with a 10-trial presenta-
tion of six Chinese semantically meaningless words (scores
from 0 to 60). After a 10-min delay, three retention proc-
esses were evaluated: the free recall (scores from 0 to
6), cued recall (scores from 0 to 6), and recognition of the
target words presented with distracters (scores from 0
to 30).

Executive functions were examined through the Modified
Card Sorting Test (MCST; Nelson, 1976), Trail Making Test
(TMT; Reitan, 1958), and Semantic Association of Verbal
Fluency Test (SAVF; Hua et al., 1997). The MCST is a card
sorting test with 48 cards. Each card involves three semantic
categories: shape, color, and number. Participants are
required to sort cards based on their intuitive styles of men-
tal categorization. The performances of completed category
(CC) and perseverative errors (PE) were recorded to present
the functions of conceptual formation and mental shifting.

The TMT is an easily administered test of visuomotor
sequencing and cognitive flexibility. The reaction time spent
on each worksheet is recorded as the score of the TMT.
Lastly, the SAVF consists of three semantic categories: fruits,
fishes, and vegetables. Participants are asked to report as
many items belonging to a given category as possible within
1min. The score was a summation of correct responses the
assessed participant could achieve within the
three categories.

Moreover, information processing was evaluated using
the Paced Auditory Serial Addition Test–Revised (PASAT-R;
Levin, 1983). The PASAT-R contains 26 randomized digits
in each trial, with 100 possible responses from all four trials.
Participants were required to add pairs of digits in a
sequence of digits, so that each digit was added to the one
immediately preceding it, and the presentations of digits
were at four rates of speed, differing by 0.4 s and ranging
from 1 to every 1.6–2.8 s. The summation of correct
responses in four trials was recorded.

Combined chemoradiation for treating newly diagnosed
PCNSL patients

According to treatment protocols and guidelines for manag-
ing patients with PCNSL, each patient with newly diagnosed
PCNSL should be treated with combined chemoradiation in
a sandwiched manner, during which two cycles of induction
chemotherapy with intravenous MTX (MTX at a
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conventional dose of 1 g/m2) and intrathecal MTX (12mg,
given twice weekly for totally six doses) are followed by a
complete course of intracranial radiotherapy and then finally
high-dose cytarabine for two cycles.

Radiation therapy: treatment planning and delivery

Regarding the prescription of the RT volume and dose, the
WBRT course was administered between the initial cycles of
MTX usually at a conventional dose of 1 g/m2 and the subse-
quent cycles of systemic chemotherapy with Ara-C. The clin-
ical target volume of the whole brain was generally irradiated
with a highly conformal treatment plan using volumetric
modulated arc therapy rather than laterally opposed fields
with 30–39.6Gy, followed by an additional and approximate
10Gy involved-site boost, particularly in patients with intra-
cranial lymphoma displaying partial response to the initial
conventional MTX doses. Furthermore, this 10Gy involved-
site focal boost could be delivered using the technique of sim-
ultaneously integrated boost (SIB) incorporated into the
course of conformal WBRT.

Procedure

Patients undergoing combination chemoradiation were eval-
uated and followed up at predetermined time points. The
crucial time point of NCF follow up was scheduled shortly
after completing the entire course of combined and sand-
wiched chemoradiation (Mean¼ 122.33 days, SD¼ 34.49,
range ¼ 77–196).

Data analysis

The exact significance of the paired differences in various
NCF scores (means or mediums) between two time points
was quantitatively analyzed using the Wilcoxon signed-rank
test due to the small sample size of the present study. It was
considered statistically significant when p< 0.05. The soft-
ware of Statistical Package for Social Sciences, version 20.0
(SPSS, Chicago, IL) was used for data analysis.

Results

As shown in Table 2, the median age of the first PCNSL
diagnosis was 56 years, ranging from 36 to 77 years.
Regarding performance status at the first PCNSL diagnosis,
the majority of our studied patients had a fair or good per-
formance status denoted by Eastern Cooperative Oncology
Group (ECOG) 1 or 0, respectively, whereas the remaining
one-third of patients (n¼ 5) had a barely satisfactory per-
formance status represented by ECOG 2. Regarding the
involved sites of intracranial lymphoma, the majority of
patients had multifocal and deep-seated lesions such as basal
ganglia, thalamus, caudate nucleus, and corpus callosum.
With regards to the prescribed dose for irradiating the
whole brain, the median cumulative dose and fractionation
were 3,960 cGy in 22 fractions in 1.8-Gy fractions.
Additionally, the prescribed dose tailored to the involved
site or tumor bed generally ranged from 4,320 to 5,360 cGy,
except for the two patients diagnosed as having primary
intraocular lymphoma and one patient experiencing lethal
septic shock resulting from the upfront MTX-based
chemotherapy.

Regarding neurocognitive outcomes, excluding one male
patient who was reluctant to be evaluated due to personal

Table 1. A selective neurocognitive test battery employed in this prospective observational study.

Neurocognitive tests Domain Description

WAIS-III: Wechsler Adult Intelligence Scale – 3rd
version (WAIS-III)
Similarities Verbal comprehension To measure the ability of abstract verbal reasoning

and semantic knowledge
Arithmetic Working memory Related to prefrontal cortex
Block design Perceptual organization Related to parietal and frontal cortex

A measure of spatial visualization ability and
motor skill

Digit Symbol Coding (DS) Psychomotor speed Related to white matter tract
A measure of the speed of visual-perceptual
discrimination and scanning

Verbal capability
Word Sequence Learning Test (WSLT) Verbal memory

Immediate recall
Delayed recall

To evaluate auditory memory of verbal information
without context

Executive functions
Modified Card Sorting Test (MCST) Executive function Related to conceptual formation and

mental shifting
Trail Making Test (TMT) Speed and flexibility Related to speed and flexibility

A measure the ability of visual attention and
task switching

Semantic Association of Verbal Fluency (SAVF) Verbal fluency Related to frontal and temporal cortex
A measure of the ability of phonemic and
semantic variants

Information processing
Paced Auditory Serial Addition Test—Revised
(PASAT-R)

Information processing To assess the capacity and speed of information
processing, as well as sustained and
divided attention
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reasons even after he had signed the informed consent. The
original data on neurocognitive performance in our 15
studied patients are presented in Table 3. As illustrated in
Figure 1, the baseline NCF assessment was consistently per-
formed just before initiating the course of WBRT, which
was delivered after patients received upfront chemotherapy
with MTX. Figure 1a shows the baseline values of some sub-
sets of the WAIS-III; most patients failed to attain the lower
limit of the normal range of the general population (For a
scaled score of WAIS-III Subtests, Mean¼ 10, SD¼ 3). By
contrast, the neurocognitive status consistently stabilized
and even improved to some extent after the entire course of
combined chemoradiation. Similarly, as presented in Figure
1b, a trend was observed toward neuropsychological stabil-
ization and even improvement in patients’ verbal memory
represented by the TWSLT, both in immediate recall and
recognition of verbal memory.

Furthermore, our results (Figure 1c) clearly showed that
both information processing determined using PASAT-R
and executive function determined using SAVF showed a
tendency toward neurocognitive stabilization and
improvement.

As shown in Table 4, the cognitive improvement in infor-
mation processing evaluated using PASAT-R was significant
between immediate posttreatment and baseline assessments
(Z ¼ �2.40, p¼ 0.02). In addition, patients’ executive func-
tion (Figure 1d and Table 4) regarding mental shifting rep-
resented by the performance in the TMT exhibited an
improving tendency, particularly for the part B of the TMT,
with borderline statistical significance (Z ¼ �1.89, p¼ 0.06).
As shown in Figure 1e and Table 4, the completed catego-
ries of the MCST presented with a stabilizing and improving
trend (Z ¼ �2.25, p¼ 0.02).

Discussion

In this era of remarkable advances for radiotherapeutic plan-
ning and delivery of WBRT, almost all neurocognitive test-
ing in the current study exhibited a consistent tendency
toward cognitive stabilization without any evidence of NCF
decline after patients had undergone the entire course of
scheduled combined chemoradiation.

For approximately two decades, for treating patients with
newly diagnosed PCNSL, combined chemoradiation was
administered in a sandwiched manner, in which the WBRT
course is delivered and sandwiched between the upfront
courses of intravenous and intrathecal MTX and two final
courses of chemotherapy with Ara-C. On the basis of the
notion that whole-brain irradiation might be the most crit-
ical factor influencing patients’ neurocognitive performance
after cytotoxic treatment, the time point of administering
“baseline” NCF assessment was reasonably presumed to be
just before initiating the course of WBRT after receiving ini-
tial MTX courses. It is thus strongly emphasized that select-
ing and deciding the timing of administering
neurobehavioral assessments should be considered, and the
“baseline” NCF assessment in the current study was admin-
istered just before initiating the WBRT course.Ta

bl
e
2.

D
em

og
ra
ph

ic
al

in
fo
rm

at
io
n
of

co
ns
ec
ut
iv
el
y
en
ro
lle
d
pa
tie
nt
s.

Pa
tie
nt
s

Se
x

Ag
e

EC
O
G
pe
rf
or
m
an
ce

st
at
us

In
vo
lv
ed

si
te
(s
)

W
BR

T
do

se
(c
G
y)

IS
RT

do
se

(c
G
y)

In
te
rv
al
ø
(d
ay
s)

In
te
rv
al
ß
(d
ay
s)

In
te
rv
al
D
(d
ay
s)

A0
01

F
36

1
Ri
gh

t
fr
on

ta
l

3,
60
0

4,
80
0

�2
11
6

11
8

A0
02

F
51

1
Le
ft
te
m
po

ra
l

3,
96
0

5,
36
0

�2
87

91
A0

03
M

56
2

Bi
la
te
ra
lc
or
pu

s
ca
llo
su
m
,l
ef
t
ce
re
br
al

pe
du

nc
le

3,
96
0

5,
04
0

�2
95

99
A0

04
M

77
2

Le
ft
th
al
am

us
,l
ef
t
ba
sa
lg

an
gl
io
n

2,
88
0

2,
80
0

�4
N
A

N
A

A0
05

M
56

2
Ri
gh

t
co
ro
na

ra
di
at
a,
rig

ht
th
al
am

us
3,
06
0

5,
04
0

�2
88

92
A0

06
F

62
1

Ri
gh

t
pa
rie
ta
l

3,
60
0

4,
32
0

�2
11
5

12
8

A0
07

M
70

1
Vi
tr
eo
us

bo
dy

4,
00
0

3,
00
0

�1
19
3

19
6

A0
08

F
40

1
Ri
gh

t
an
te
rio

r
ba
sa
lf
ro
nt
al
,P

er
iv
en
tr
ic
ul
ar
,r
ig
ht

st
ria
tu
m

&
th
al
am

us
,r
ig
ht

te
m
po

ra
lh

or
n,

rig
ht

se
pt
um

pe
llu
ci
du

m
3,
96
0

4,
75
2

�1
17
1

17
6

A0
09

F
57

0–
1

Pe
riv
en
tr
ic
ul
ar
,b

ila
te
ra
lc
au
da
te

nu
cl
ei
,c
or
pu

s
ca
llo
su
m

3,
96
0

5,
04
0

�2
12
9

13
3

A0
10

F
50

1
Le
ft
th
al
am

us
,m

id
br
ai
n

3,
96
0

5,
16
0

�3
3

N
A

N
A

A0
11

M
39

0–
1

Vi
tr
eo
us

bo
dy

4,
06
0

3,
06
0

�5
12
1

12
6

A0
12

F
54

2
Pe
riv
en
tr
ic
ul
ar

w
hi
te

m
at
te
r
le
si
on

s,
le
ft
pe
rit
rig

on
al

3,
96
0

4,
75
2

�3
11
6

11
9

A0
13

F
58

1
Ri
gh

t
ba
sa
lg

an
gl
io
n,

in
te
rn
al

ca
ps
ul
e,
rig

ht
ce
re
br
al

pe
du

nc
le

3,
60
0

5,
32
0

�6
69

77

A0
14

M
59

1
Le
ft
ba
sa
lg

an
gl
io
n

3,
96
0

5,
04
0

N
A

N
A

N
A

A0
15

F
67

2
Le
ft
fr
on

ta
l,
le
ft
st
ria
to
th
al
am

ic
,l
ef
t
ce
re
br
al

pe
du

nc
le

3,
96
0

4,
75
2

�6
10
7

11
3

M
:
M
al
e;

F:
Fe
m
al
e;

RT
:
Ra
di
at
io
n
th
er
ap
y;

W
BR

T:
W
ho

le
-b
ra
in

ra
di
at
io
n
th
er
ap
y;

IS
RT
:
In
vo
lv
ed
-s
ite

ra
di
ot
he
ra
py
.
Va
rio

us
tim

e
in
te
rv
al
s
(in

da
ys
)
be
tw
ee
n
th
e
st
ar
t
of

th
e
co
ur
se

of
W
BR

T
an
d
th
e
ad
m
in
is
tr
at
io
n
of

N
CF

te
st
in
g
ar
e
di
sc
lo
se
d
to

de
m
on

st
ra
te

th
e
tim

e
sp
an

an
d
se
qu

en
ce

in
re
la
tio

n
to

th
e
st
ar
t
da
te

of
ba
se
lin
e
N
CF

as
se
ss
m
en
t.
Ac
co
rd
in
gl
y,
a
ne
ga
tiv
e
va
lu
e
in
di
ca
te
s
th
e
tim

e
po

in
t
of

pe
rf
or
m
in
g
N
CF

as
se
ss
m
en
t
is
be
fo
re

in
iti
at
in
g
th
e
co
ur
se

of
br
ai
n
irr
ad
ia
tio

n;
a
po

si
tiv
e
va
lu
e
si
gn

ifi
es

th
at

N
CF

te
st
in
g
is
ad
m
in
is
te
re
d
af
te
r
th
e
co
ur
se

of
br
ai
n
irr
ad
ia
tio

n
ha
s
be
en

in
iti
at
ed
.
In
te
rv
al
ø
re
pr
es
en
ts

th
e
nu

m
be
r
of

da
ys

be
tw
ee
n
pr
e-
RT

N
CF

as
se
ss
m
en
t
an
d
th
e
st
ar
t
of

th
e
W
BR

T
co
ur
se
;
In
te
rv
al
ß
ba
si
ca
lly

m
ea
ns

th
e
nu

m
be
r
of

da
ys

el
ap
si
ng

fr
om

th
e
st
ar
t
of

th
e
co
ur
se

of
br
ai
n
irr
ad
ia
tio

n
to

th
e
co
m
pl
et
io
n
of

al
l
sc
he
du

le
d
co
m
bi
ne
d
ch
em

or
ad
ia
tio

n.
At

la
st
,I
nt
er
va
lD

si
gn

ifi
es

th
e
tim

e
in
te
rv
al

in
da
ys

fr
om

th
e
pr
e-
RT

N
CF

as
se
ss
m
en
t
to

th
e
as
se
ss
m
en
t
af
te
r
co
m
pl
et
io
n
of

al
ls
ch
ed
ul
ed

co
m
bi
ne
d
ch
em

or
ad
ia
tio

n.

4 S.-Y. LIN ET AL.



Ta
bl
e
3.

Sc
or
es

of
th
e
W
ec
hs
le
r
Ad

ul
t
In
te
lli
ge
nc
e
Sc
al
e
–
3r
d
ve
rs
io
n,

ve
rb
al

m
em

or
y,
in
fo
rm

at
io
n
pr
oc
es
si
ng

,a
nd

ex
ec
ut
iv
e
fu
nc
tio

ns
.

W
AI
S-
III

Ve
rb
al

m
em

or
y

In
fo
rm

at
io
n
pr
oc
es
si
ng

Si
m
ila
rit
ie
s

Ar
ith

m
et
ic

Bl
oc
k
D
es
ig
n

D
SS

W
SL
T-
C

W
SL
T-
R

PA
SA

T-
R

Pa
tie
nt
s

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

A0
01

6
4

1
6

3
3

5
6

42
48

27
30

40
67

A0
02

2
1

1
1

1
3

3
3

31
39

24
23

11
26

A0
03

6
3

2
5

3
6

33
29

30
15

28
10

A0
04

5
5

5
5

50
17

4
A0

05
7

8
3

4
5

6
8

10
41

41
26

26
35

64
A0

06
9

9
7

6
6

7
7

9
37

28
22

25
17

42
A0

07
3

5
7

7
11

12
9

11
18

31
19

20
41

48
A0

08
9

11
10

9
9

7
8

5
56

55
27

29
66

60
A0

09
6

7
5

6
6

9
8

9
32

46
18

27
34

46
A0

10
5

5
2

1
37

12
21

A0
11

9
9

13
13

12
13

4
4

39
55

30
30

64
86

A0
12

6
9

4
11

3
3

2
7

41
54

26
29

1
53

A0
13

11
10

7
9

4
8

13
16

26
52

28
30

34
80

A0
14

A0
15

3
2

2
2

1
3

13
11

18
19

0
0

Ex
ec
ut
iv
e
fu
nc
tio

ns

SA
VF

M
CS
T-
CC

M
CS
T-
PE

a
TM

T(
A)

b
TM

T(
B)

b

Pa
tie
nt
s

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

Pr
e

Po
st

A0
01

35
36

1
4

3
7

44
.6

30
.4

20
7.
8

12
3.
0

A0
02

36
22

1
2

9
15

10
5.
5

95
.2

23
0.
4

21
4.
9

A0
03

17
16

0
1

46
14

80
.2

85
.3

16
4.
8

19
0.
3

A0
04

12
1

11
10
1.
8

A0
05

32
35

3
6

20
5

65
.1
1

53
.2

13
9.
1

12
9.
5

A0
06

19
29

4
3

2
15

11
1.
5

55
.9

25
9.
0

A0
07

49
38

3
4

64
.8

49
.6

20
4.
1

20
9.
7

A0
08

36
34

6
6

7
1

39
.7

44
.6

10
0.
3

83
.9

A0
09

37
42

0
2

21
4

53
.7

35
.3

18
4.
1

14
8.
4

A0
10

13
1

0
20
5.
8

A0
11

34
37

7
7

11
0

52
.4

50
.9

94
.0

74
.9

A0
12

26
49

3
7

11
0

18
1.
9

53
.1

35
3.
2

10
6.
4

A0
13

25
49

2
7

1
35
.3

25
.7

94
.9

89
.7

A0
14

A0
15

4
4

1
1

13
24

46
8.
1

54
2.
3

Pr
e:

Pr
et
re
at
m
en
t
ne
ur
oc
og

ni
tiv
e
ev
al
ua
tio

n;
Po
st
:
Po
st
-t
re
at
m
en
t
ne
ur
oc
og

ni
tiv
e
ev
al
ua
tio

n;
D
SS
:
D
ig
it
Sy
m
bo

l
Su
bs
tit
ut
io
n;

W
SL
T-
C:

W
or
d
Se
qu

en
ce

Le
ar
ni
ng

Te
st

–
Co

rr
ec
t;
W
SL
T-
R:

W
or
d
Se
qu

en
ce

Le
ar
ni
ng

Te
st

–
Re
co
gn

iti
on

;P
AS

AT
-R
:P

ac
ed

Au
di
to
ry

Se
ria
l
Ad

di
tio

n
Te
st

–
Re
vi
se
d;

SA
VF
:S

em
an
tic

As
so
ci
at
io
n
of

Ve
rb
al

Fl
ue
nc
y;
M
CS
T-
CC

:M
od

ifi
ed

Ca
rd

So
rt
in
g
Te
st

–
Co

m
pl
et
e
Ca
te
go

rie
s;
M
CS
T-
PE
:M

od
ifi
ed

Ca
rd

So
rt
in
g
Te
st

–
Pe
rs
ev
er
at
iv
e
Er
ro
rs
;T
M
T
(A
):
Tr
ai
lM

ak
in
g
Te
st

pa
rt
A
(s
ec
on

ds
);
TM

T
(B
):
Tr
ai
lM

ak
in
g
Te
st

pa
rt
B
(s
).

a A
hi
gh

er
sc
or
e
of

M
CS
T-
PE

in
di
ca
te
s
a
le
ss

fa
vo
ra
bl
e
pe
rf
or
m
an
ce
.

b
Th
e
un

it
of

th
es
e
nu

m
be
rs

is
“s
ec
on

ds
.”
Th
e
pe
rf
or
m
an
ce

of
TM

T
in
di
ca
te
s
th
e
sp
ee
d
at

w
hi
ch

th
e
as
se
ss
ed

pa
tie
nt

ta
ke
s
th
is
N
CF

ex
am

in
at
io
n.

Th
er
ef
or
e,

th
e
le
ss

th
e
tim

e
in

se
co
nd

s
is
ta
ke
n
to

co
m
pl
et
e
th
is
as
se
ss
-

m
en
t,
th
e
be
tt
er

pe
rf
or
m
an
ce

th
is
as
se
ss
ed

N
CF

is
.

APPLIED NEUROPSYCHOLOGY: ADULT 5



Figure 1. The change in neurocognitive performance assessment between the baseline (just before initiating the WBRT course) and immediately after the com-
bined chemoradiation. (a) Executive functions reflected by Wechsler Adult Intelligence Scale (WAIS)—3rd version at baseline and post-treatment evaluations.
Usually WAIS scores are presented in the form of scaled scores which are normally distributed and age-specific. Scaled scores of WAIS have a mean of 10 and a
standard deviation of 3. Accordingly the dotted lines in this figure outline the range of one standard deviation (±1 SD) in WAIS-derived scores; scaled scores ranging
from 7 to 13 are described as an average range. (b and c) Executive functions regarding verbal capability are disclosed by several specific NCF tests. Individually,
SAVF: Semantic Association of Verbal Fluency; PASAT-R: Paced Auditory Serial Addition Test—Revised; WSLT-C: Word Sequence Learning Test—Correct; WSLT-R:
Word Sequence Learning Test—Recognition. (d) Executive functions regarding mental shift are presented by the Trail-Making Test (part A and part B), recorded in
the unit of seconds. The performance of patients to respond to TMT indicates the speed at which the assessed patient takes and finishes this NCF testing.
Therefore, the less the time in seconds is taken to complete this assessment, the better performance this assessed patient owns. (e) Executive functions regarding
mental shift are represented by the specific test of Modified Card Sorting Test (MCST), recorded in counts (scores). Namely, MCST-CC: Modified Card Sorting Test –
Complete Categories; MCST-PE: Modified Card Sorting Test—Perseverative Errors. The performance of patients to carry out MCST-CC is absolutely and positively cor-
related with the scores of MCST-CC the patients get; by contrast, the scores the assessed patient gets on MCST-PE are negatively correlated with the executive func-
tion regarding mental shift that MCST-PE might indicate.
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Most of the other related research (Correa et al., 2009;
Ferreri et al., 2017) used the pretreatment (pre-chemother-
apy) NCF assessment as the baseline; therefore, our results
should be interpreted and compared with those relevant
reports cautiously. First, baseline NCF assessment was
administered after the initial MTX courses and just before

the subsequent WBRT course in our study. Therefore, the
neurocognitive status at baseline in our study would repre-
sent the real situation, hypothetically evading the potential
influence of the antecedent cytotoxic treatment with MTX
before the WBRT course. Second, the changes in neurocog-
nitive performance between baseline evaluation and

Figure 1. Continued.
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postchemoradiation assessments consistently exhibited a
trend toward cognitive stabilization and even improvement
without definite evidence of any harmful neurocognitive
consequences. Therefore, our findings clearly implied that
administering the WBRT course using a conventional dose/
fractionation prescription did not jeopardize patients’ cogni-
tive performance at least shortly and 4months after the
WBRT course was completed.

Consistent with a large-scale phase II trial conducted by
the International Extranodal Lymphoma Study Group
(IELSG-32; Ferreri et al., 2017), despite the differences in

the timeline when administering “baseline” NCF assessments
in the current study and IELSG-32, neuropsychological test-
ing after treatment completion showed a rapid improvement
in most assessed cognitive functions in the present study.
Nevertheless, whether the cognitive status at more extended
posttreatment intervals might indicate a neurocognitive
decline certainly merits further surveillance and
investigation.

The techniques and prescription tailored to the delivery
of WBRT in the current study should be mentioned and dis-
cussed. Owning to the great advances in RT-associated

Figure 1. Continued.

Table 4. Comparing the neurocognitive scores between baseline and post-chemoradiation assessments.

NCF tests

Baseline Post chemoradiation

Wilcoxon signed-rank p valueMean SD 95% CI Median Mean SD 95% CI Median

Similarities SS 6.3 2.6 4.9–7.7 6 6.5 3.4 4.4–8.6 7.5 0.836
Arithmetic SS 5.3 3.4 3.4–7.1 5 6.6 3.5 4.4–8.8 6 0.065
Block Design SS 5.2 3.4 3.3–7.1 5 6.7 3.4 4.5–8.9 6.5 0.027�
DSS SS 6.1 3.3 4.1–8.0 6 8.0 3.9 5.2–10.8 8 0.105
WSLT-C 35.9 11.1 29.7–42.0 37 40.8 2.5 32.0–49.5 43.5 0.062
WSLT-R 23.2 5.3 20.3–26.2 24 25.3 8.0 22.1–28.4 26.5 0.112
SAVF 27.7 12.5 20.8–34.7 32 32.6 13.2 24.2–41.0 35.5 0.306
PASAT-R 28.9 20.4 17.7–40.2 34 48.5 26.2 31.9–65.1 50 0.016�
TMT(A) 110.8 110.9 49.4–172.3 65.1 93.5 142.8 2.7–184.2 52 0.071
TMT(B) 187.5 76.2 139.0–235.9 194.1 137.0 52.1 99.8–174.3 126.2 0.059
MCST-CC 2.3 2.1 1.2–3.5 2 4.2 2.5 2.5–5.9 4 0.024�
MCST-PE 11.8 11.2 5.6–18.0 11 7.8 8.0 2.4–12.2 5 0.284
MMSE 22.3 5.6 19.2–25.4 21 25.2 5.0 22.0–28.4 26.5 0.083

SD: The Standard Deviation of the corresponding mean; SS: Scaled Scores; DSS SS: Digit Symbol Substitution Scaled Scores; WSLT-C: Word Sequence Learning
Test—Correct; WSLT-R: Word Sequence Learning Test—Recall; SAVF: Semantic Association of Verbal Fluency; PASAT-R: Paced Auditory Serial Addition Test—
Revised; TMT(A): Trail Making Test part A; TMT(B): Trail Making Test part B; MCST-CC: Modified Card Sorting Test—Complete Category; MCST-PE: Modified Card
Sorting Test—Perseveration Error; MMSE: Mini-mental state examination.�p < .05.
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techniques, a highly conformal CT treatment plan is widely
used in the realm of radiation oncology. In addition, the
principle of SIB has also been implemented in an attempt to
escalate the focally tumoricidal dose. Thus, a highly con-
formal 3D treatment planning plus the technique of multi-
focal SIBs has been well-established in RT delivery, such as
head and neck cancers (Franceschini et al., 2013; Studer
et al., 2006), anal cancers (Arcadipane et al., 2018; Tomasoa
et al., 2016), and oligometastatic brain disease (Pokhrel
et al., 2016), to achieve optimized dose distributions and
contribute to more favorable tumor control and sur-
vival outcome.

Although patients’ NCF status shortly and 4months after
the entire sandwiched course of combined chemoradiation
demonstrated a robust tendency toward cognitive stabiliza-
tion and even improvement free from a neurobehavioral
decline in this study, this result should still be interpreted
with caution as NCF decline resulting from WBRT could
probably manifest or become evident after a longer follow-
up (Doolittle et al., 2013; Ferreri et al., 2017). According to
the final report of IELSG-32 randomized controlled trial
(Ferreri et al., 2017), the effect of WBRT on cognitive func-
tions might be underestimated because NCF scores during
up to 2 years of follow-up were lacking. Regarding clinical
implications and future directions, a more extended timeline
for cognitive follow-up is required and will be implemented.

In addition, a potential learning effect due to periodic
repetition (four-months between baseline and post-treatment
evaluations) of NCF testing might potentially influence
patients’ neurocognitive performance. Although parallel tests
were not used in our study to evade the risk of comparabil-
ity drawbacks, the phenomenon of “learning effect” in
nature, if existing, would represent the possibility that
patients still preserved their neurobehavioral function of
learning memory, indicating that at least patients’ neurocog-
nitive domain of learning memory did not decline consider-
ably after the WBRT course. However, because no
comparisons of NCFs were analyzed between patients with
newly-diagnosed PCNSL and any controlled groups, the rep-
resentativeness of patients’ cognitive impairments and
potential changes in this study is weakened.

Conclusions

Integrating functional outcomes including NCF assessments
with commonly applied oncological outcomes would defin-
itely help neuro-oncologists and radiation oncologists man-
age newly diagnosed PCNSL patients. Under the
multidisciplinary treatment for patients with newly diag-
nosed PCNSL, multidomain NCFs can be stabilized after the
course of conformal WBRT combined with MTX-based
chemotherapy.
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